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abstract 


A limited. study has been conducted to establish-the perfotuwnce and noise 
charactejflsticft of a. low design tip speed (168 m/s, 550 ft/sec) low pfessure 
ratio (1..04) variable pitch fan. which was tested in the NASA Langley 30X60 
tunneU . Thls.-fan-was designed for minimum noise when installed in the tall 
mount location of a twin engine aircraft which normally has both nose and 
tail mounted ptopulsors. Por the. tests discussed in this report the pro- 
peller normally mounted on the nose of the aircraft was removed. 

Measurements showed the fan noise to be very close to predictions. made during 
the design of the fan and. extremely low in level (65 dBA at 1000 ft) with no 
acoustic treatment. This is about 8 dB lower than the unshrouded 2 blade 
propeller normally used in this installation. On the basis of tests conducted 
during this program it appears that this level could be further reduced by 
2 dSA if optimized acoustic treatment were installed in the fan duct. Even 
the best of the shrouded propellers tested previously were 7 dB higher in 
level than the )-Pan without acoustic treatment. 

It Wd. found that the Ctui.a pstturaanc. of this fan uns vlthln 5S of the 
predicted efficiency of nz. Eveluetlen of the perfotnence dete Indicated 
that disturbances In the Inflow to the fan ware the probable cause of the 
reduced perfontance. Exhaust flow from the simulated engine which passed 
through the root sections of the blades Is an area .of particular concern. 

While a retwlst of the Inboard sections of. the blades on the tan Is predicted 
to overcome some of this deficiency It appears that the better Inflow charac- 
teristics of a tractor mounted tan might provide even greater gains In per- 
formance. As expected, the low pressure ratio fan efficiency was lower than 
that of the unshrouded propeller but not substantially lower than that of 
the larger diameter shrouded propeller and substantially higher than could 
be achieved with high bypass ratio turbofans. 


Although the analysis work discussed In this report was llmlt<ul. the rela- 
tively good agreement between predicted and measured noise and performance 
dem^strated In this program provides confidence In the design methodologv 
used and Indicate, that this methodology should be successful In tailoring 
a low pressure ratio fan to other Installation snd p.rtor»«.ce r«,ulreme„ts 
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SYMBOLS 


b 

B 

c 

D 

s 

Cl 

Cft 


wing span* 10..831 tn (35*^60 ft.) 

nutnbef of propeller blades 

wing mean aerodynamic chord* 1.490 m (4.89 ft.) 

propul sor diameter , m (ft.) 

aircraft drag coefficient, drag/ci S 

aircraft lift coefficient, lift/q S 

aircraft pitching-moment Coefficient, pitching moment/q Sc 


propeller, power coefficient. 


2ttQ 

2d5 


pn 


propeller thrust coefficient along Q-Fan rotational axis, 


C,p’ airplane thrust coefficient, 

E or E(t) instantaneous hot wire voltage 

1 mean component of hot wire voltage E ■ 


e*' or e* (t) 
hp 


fluctuating component of hot wire voltage 
shaft horsepower, watts ■ 'g g" " 


T 

f / E («) it 

0 

e‘(t) - E(t) - I 


J propeller advance ratio, ^ 

n propeller revolutions per second 

N propeller revolutions per minute 

Pj^ pressure ratio, exit total pressure/f ree stream total pressure 

q tunnel dynamic pressure, N/m*’ (lb. /ft. ) 

0 

Q propeller torque, N-ra (lb,-ft.) 

r radius station of propeller, m (ft.) 

rpm* RPM propeller rotation speed, rev. /min. 

R propeller radius, m (ft.) 


R(t) 

R' (t) 

S 

T 

u* 

V’ 

V 

U) 

C 

a 


‘ac 


*3/4 


n 

0 

p 


autowtreUtlon coef«16lant of twc «lt. voltaso B 

(deDittdd Itt testt) 

autocotrelotion coefficient of fluctuation voltage o» 

(defined in text) 

wing area* 16.258 (1)5.00 ft.") 

^topollet thrust. Br.« (prop off) - Drug (prop oporatihg) 
valoclty fluctuation component parallel to aircraft cantarllna 
velocity fluctuation component tranevaree to aircraft .«.tarlin. 

velocity* m/sec. (ft. /sec..) 

corrected inlet flow/fan area* Kg/(Sec-m ) 

* 1 .. ..ff a corrected for wall effects deg 

aircraft, angle of attacic* 

(0-Fan shaft axis is used as zero reference) 

geometric angle of. attach, deg (angle, between Q-Pan .haft ati. 
and horizontal) 

propeller blade angle at 75% R 

flap deflection angle, deg 

propeller propulsive efficiency, ^0 

Circumfarantial poaitlon atouhd Q-Pan duCt in dagraaa (aaa Pigur. 2) 
masa density of air 


iNtftOStJcyinM 


tMUltad 1„ Mloctlon <,i a al s,T ? ^ *‘«««uy 

“r.:“ ”• - 

Madaa. This caudaa dome plitVlVwatL .d 

«dult Id a performno, penalty as long ae trinnrLT/^’ T' 
and the deduction In diameter la United a 

noise by the use of a oaflr »i < • o er approach la to reduce 

of a godred ottgine td redact' th^ rpm 

Ot tip apeed ulth a larger diameter propeller. A third . a , 
a shroud around a prepelier This ahr a i, PPfoach Is to use 

Udd of a amaller dLet« Lef t o ! “ 

dhProach atudldd In thla program 1. ruae^f^ut/^^^^'’* 

low pressure ratio quiet fan (Q^Fan) tju,, u <iiaffleter.. low tip speed 

Shrouded propeller there * <i®vlce is somewhat like the 

«ea propeller there are several differences -.a 

shrouded proneller . Terences. First, the struts in a. 

guide vanaa, for the ahld”!fta7r" 

enhance thrust. Shrouded propellers gelLu/L"v!T"“ T 

diameter of the n-p^n allows it J '=°««i<Je^ably smaller 

unahroudod propaU.r d Tr" “ ”” ° - 

F opei.d.^r. ahls could eliminate the raouii-e«a«#. # 

a low tip speed quiet Installation. If a near k ^ ^ ^ 

ratio would be reduced In a Q«Fan instflii the gear 

reliability problems would be minlmlaed. ^t^louw airT^^^* 

Q-Fan, like the turbofan ^ 

-terlal in the duct. ' opportunity to install noise suppression 


The purpose of the program discussed in this reonrF 

potential of the q-Fan as a ouI-f P t was to establish the 

Both noise and performance cLactlriT^r 

funhul nr MSA langl y. ta : “ 

«re obtaf„.d to all<m, .vliuntl™ ^ 

--UC. thfa re:orT::::.:'ra‘r:f:r r 

aiysis of the noise and performance 


- 4 - 





AlRClUgll m L6W PRBSSimB RATIO DfeSCRiMlON 


tsdtlhtt wad conduceed in the llASA Lahgiey 30 x 60 tunhel. tha~teec alcorefe 
vds the Codsna 327 twin-eftglAe twin beotn aireraft Figure l..whicti-had ptfe» 
viouely been teated with shrouded and unshrouded propellers (see Ref. 1). 
For-this test the Q-FaUf a low pressure ratio fan with inlet guide vanest 
was mounted in a pusher configuration on the fuselage (see Figure 1) • During 
this test program and during the Ref« 1 testing the forward propeller was not 
installed. 

The Q-Pdtt tested had a 35-inch diameter 7-bladed rotor with manually adjust- 
able blade pitch setting, and 9 fixed inlet guide vanes. The Q-Fan shroud 
was supported only by the inlet guide vanes. Figure 2 shows a schematic 
of the Q-Fan, Including the location of Instrumentation of the model. The 
Q-Pan rotor assembly is shown in Figure 3.. Pot part of the test program 
the acoustic treatment on the aft duct section as. shown in Figure 4 and the 
aft centerbody as shown in Figure 3 were exposed to determine the noise re- 
duction, potential of such treatment* For this test program the treatment 
consisted of perforated plate over .an open cell polyurethane foam bulk ab- 
sorber. In a flight application, perforated plate or porous metal over 
honeycomb might be used. The Q-Fan was designed to meet the following two 
aircraft operating requirements: 

a) 75 MPtt, sea level, std. day, takeoff thrust of 587 lbs., and 

b) 185 MPtt, 7500 ft,, std. day, cruise thrust of 248 lbs. 

These design points resulted in the following fan pressure ratios (Pg^) and 
corrected (u^) flows: 

Takeoff: • 1.043, - 102.5 Kg/(8ec*m^) (21 lb/(sec*ft^) 

Cruise: Pj^ ■ 1.037, a; ■ 128.3 Kg/(sec*m2) (26.3 lb/Csec»ft^) 

The design tip speed was 168 m/s (550 fps). Blade geometric characteristics 
for the rotor and guide vanes are shown in Figures 6 & 7, respectively. 

For the test discussed in this report the fan was driven by a 450 kW variable 
speed electric motor. In order to simulate an actual internal combustion 


engine inataUatloiii engine cooling alif was allowed to. enter the aircraft 
via the eooUng air tftlet oft top of the fuaelage which can he seen in figure 
I, Thie air was diachargeh-through a 3,8 cm (1,5 lttch).hlsh annular opening 
at the end of the fuaelage» between the inlet guide Vonea and the rotor. 

The design of the inboard sections of the fan rotor blades included eonsldera- 
tioft of the mixing of the exiting cooling air flow with the flow external. to 
the fuselage, which occurs within the duct upstream of the rotor. 


ACOUSTIC INatRUMBMTATIQH AND TB9t PRQCBDtfftEfl 


p<m noise and £sn noise 4la«ooselc inlonutlon ware obtained In this test 
proarsB. Acoustic Insctumentaclon Included polo-Bountsd mlOMphonos as 
sho«n-.ln Mauca e co noasUM ptopulaoe-aonocutad noise, half Inch «tuel 

i KJaar Blcrophonas fitted with ootodynamleoUy shaped nose cones were 
U86d for thd codtR. 


Slade-Bountad pces«.ro traneducecs and hot wire anonoceters were Installed 
M nenaure flow paraneters directly related to noise generati™, by the fan. 
The preeeure tcnnaducars were mounted at four locations on one blade as 
s own In Plsure 9. Blade surface pressures were sensed by Kullte transducore 

mounted flush with the blade mtrfaca. The transducer slsnals were recovered 
Via a rotating amplifier and aliprlng system. 


two hot wire anemometers were mounted in the alrstream} one 16.6 In. ahead 
of the duct leading edge, and one at the leading edge of the Inlet guide 
vane as shown in Figure 2; The hot wire anemometers used were Thermo^ 
Systems model 1241-Tl.S cross wire probes oriented so they would respond to 
ajclal and circumferential velocity components (velocities parallel to the 

fuselage surface) . The probes were mounted So they could be traversed 
radially as shown in- Figure 2. 


DC coupling WAS used for the hoc wire enememeeer eignels, due co che feet 
thee a large properclon of che turbulent fluctuAClons occur at frequencies 
below IHs. The unmodified, hot wire elgnel eontelned a meAn flow component 
and a relatively email fluctuating turbulence component. The DC component 
was suppressed prior to recording In order to improve the elgnal to noise 
ratio for the fluctuetien signal, and the eupptosalon voltage used was 

recorded on log sheet.. Tape recorder amplifier gains were also recorded 
on the log sheets* 


The microphone signals were recorded on a U channel PM tape recorder using 
AC coupling (20-15K HO. Blade preeeure and hot wire slgnele were recorded 
on a similar 14 channel tape recorder. Record clmee were one minute for 
the hot wlrr signals (when recorded) and 30 saconda for the other signals. 

in the ecouetlc test phase of the program, microphone and blade pressure 
eta were recorded on cape for the operating conditions In Table I. 

-B. 
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FoUawtng the acauetic teste with' the wihge teroove4» hat wire 4ata were 
recorded for the conditlone listed in tehle Xt« the blade (ireeeurd and 
hot wire mdasuretnenta provide diagnentlc Infomatlen- eonteming the tur° 
buXence and moan velocity profile of the air enteriftR the fan rotor, 


AgROPYNAMie ANB fS8T PHonraiirnftfl 

CvefoU aivetaSt pQviomatiQQ, fan pepfomumca, and fan diagnoetle perfocmance 
marnv^mm, mt, obeaindd during thia toat program. Thu ovorall airplane 
perforftaftea wag moasured using the wind tunnel fore balance system. The 
airnlane lift. drag, and sideslip forces and pitch, roll, and yaw moments 
wore doterwinod from the force balance data. Q-Pan drive powar was supplied 
by an electric motor located in the fuselage and fan power absorption woa 
determined from a calibration curve of minimum motor current versus torque. 

Pneumatic insti-umentation of the q-Fan was provided for assessment of 0.-nn 

performance. This instrumentation is detailed in the Figure 2 sci amati- 
and consisted of the followings c.omotl. 

a. three rows of static taps, located axially, on the f.*r«iar.. - 

.t 35J». 18.0 ^ 

tlal position, 

b. 3 inlet rakes (static and total pressure i.aps) at 0°, IBO^, and 270° 
circumferential position, 

c. 1 vane rake, 

d. duct currace ec,s (along tha Intamal and antamal surfacaa) at o“ 
and 270 circumferential positions, 

3 exit rakes u *atic and total pressure taps) at 0°, 180° and 270° 
clrcutnie rent 1^1 pbsitions# 

The Q-Fan propulalon ayatat tasted In the program and dlacuaaed In this 

cowl boattail configuration 

otward of the fan to match the fan and fan duct flow requlramenta. Be- 
oause of the changes to the aft fua.laga cowl boattail configuration. It 

IVhT'* 

ducted in order to obtain -'bare" aircraft performanca. Qua to a limited 
amount tunnel teat time this was not possible, and It was neceeeery to 
use the bare aircraft performance from the Ref. I teat with the eft 
u»odlfled fuselage cowl boattail. KASA bellevaa that the boattail ehenge 

leek of bare aircraft performanca tor tha Q-Pan configuration does 
Introduce some uncertainty in the test results. 
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Dutflnn; th- juclre Q-Pati test- the aircraft was attached to the support struts 
aa shown in Plgure 10^ -Drag of the bar between the. fuselage landing gear 
struts was measured and corrected out of the data* Static testing was done 
with the aircraft yawed 90® to the tunnel axis and.a-cloth curtain. drawn 
across the wind tunnel test section entrance throat* this, procedure pre* 
vented the Q-Pan- slipstream from recirculating through the tunnel- passages 
and back to the aircraft. All tests were conducted with the elevator 
(horizontal tall surface) locked in the undeflected pcsltion* 

Table 111 shows a summary of all performance- test conditions*., the mflyiimug 
continuous RPM attainable with the electric fan drive motor was 3350 RPM, 

vliich. was only 93% of the design rPm of 3600* . Tunnel speed was restricted 
to about 100 fps in order to reduce aircraft loads, and limit tunnel drive 
motor vibrations* Thus, for aircraft cruise conditictts, the Q-Fan petfottiumce 
derived from nott-dimenslonalized data is based on relatively light loadings 
and 1s subject to some scatter. Also, since the Q-6an thrust is determined 
by Subtracting the base (Q-Faft removed.) aircraft drag from the drag with, the 
Q-Fan operating, small errors in drag measurements are magnified when the 
thrust is. calculated* This situation is aggravated as the Q-Pan thrust 
(loading) is reduced* 


The aerodynamic data has been corrected for support strut tates, bouyancy, 
and airflow angularity. These tests were conducted with a non-porous 
ground board installed in the tunnel beneath the model. Wall corrections, 
obtained from the theory of Ref. 2, were therefore applied directly to the 
data* 
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DAtA ANALYSIS PR0CgDURE8 


Tho aitAlyols procfiduCdn uaed foe- the acoustic data aud related -di»lftnodtlc 
data and the aerodynamic performance and related dla«nostlc dnta ore 
dlacusaed below. 

Nolao Data - Tho microphone data were reduced using 1/3 octavo band and 
narrow band analysers. A Oensral Radio model 1920 rod! time analyzer waa 
used to obtain 1/3 octave band plots (25 Hz Co 20 kHz analysis). and. A* 
wieghtod sound levels. Harrow band analysis from O-lOKHz (30 Hz bandwidth) 
were obtained using, a Spectral Dynamics Model SD 3010 analyzer. These 
allowed determination of propulsor noise levels and comparison with pre- 
viously tested configurations. 

Slade Pressure Data - The blade surface pressures are of interest for 
diagnosing the mechanisms of fan noise generation* They provide Information 
about the structure of non-uniform flow. entering the. rotor as discussed in 
this section. The principle employed is that, as a blade rotates and chops 
through a disturbance in the Inflow, it responds with a pressure pulse 
x^hose timing and length can be related to the location and size of the 
disturbance. A method of data reduction Itas been developed in which wave- 
forms of the blade pressure signals are plotted In an especially revealing 
format and statistical calculations are performed which can be interpreted 
in terms of turbulence properties. 

Types of inflow disturbances include fixed flow distortion due to installa- 
tion effects, or Influence of upstream stators and random distortion such as 
turbulence generated by the motion of air In the wind tunnel or turbulence 
generated in the fuselage boundary layer or the inlet shroud boundary layer 
upstream of the rotor tips. Teats were conducted with and without wings 
at various tunnel speeds to study these effects on the Q-Fan» 

To tnt>‘c.duee blade pressure wave form plots as Inlet distortion space-time 
histories, the waveforms recorded during a previous test with another Q-Fan 
having an intentional inlet disturbance from an Installed post are shown 
In Figure 11, The Instnimertted blade chops through the distortion post’s 
wake once pet revolution producing a ortce per revolution blade pressure 
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puis.,.. Tho sssuUln* .svefoms £rs« ths mid dWc trsndducsr sro 
in tl,o lowsr.pntc of tho flnuto. tnoU trscs In this plot tsptosontn th 
ptosnuto siansl during ono revolution, storting and ending os tho lostru- 
Itod hlod. posso. through tho hottom.of Its rotation. Plfty-ono trsoos 
51 oonsccutlvo rovolurlons ore shoun. Tho Influonoo of. ho dls« t o„ 
post mountod In tho top of tho Inlet 1. cloorl, 

plot, which ropresonts tho 180“ or top location In the Inlet. ' 

waveform plotting technique accurately shows tho location and sue of tho 
inlet Clsturbanco In the circumtarontlol sense. 

In order to generate Plgurs 11, analog tap. date wore dlgitlrod using e 
special Clock with a frequency multiplier which generated eg^tly ISO 
equollv spaced pulses per pulse of the once-per-revolutlon plpper.. the 
ISO clock pulses caused tlu; blade pressuros to be digitised at ISO ang 
of rotation, hecause the clock output 1. pluse locked to the Input plpper. 
the samples are obtained at the some location In the Inlet during each 
revolution. That Is. sample number 7S Is always obtained as the blade 

passas thtoufth 180*^ . 


Hrtt: Wtra Data 

in kefs. I end A. the Inflow turbulence characteristics which are important 
for noise generation In fans are discussed. The mean velocity and turbulence 
intensltv entering the fan were determined In this study. The procedures 
required to determine tho values of u' and v' from the recorded data are 
described In Ref. S. from which, the following discussion is derived. 

The output from s hot wire anemometer channel Is a voltage Signal consisting 
of a mean component, E. and a fluctuating component, e'. For the p.ltpose ot 
determining the turbulence properties of the flow, e is the quantity c 
interoai. However, the mean component (DC voltage) Is generally much largy 
than the fluctuating component of the signal, so the accuracy of the recor 
and Plavback system In reproducing the fluctuation Is Jeopardlted If the 
unmodified signal 1. recorded. Suppressing the DC component allows recording 
o' at a much higher gain, resulting In a large Improvement In slgnal-to-nolse 
ratio ion the order of a factor of 50D for the present Investigation). 
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From Rill;, 5, the principal annlyaifl mothed for determining the turbulenee 
properties is the nuto-correUtion pPoeed-ure, .In order to determine the 
turbulence intensity of the tunnel floWi nuto*>correlogrnme of the signals 
wore obtained for the hot wire pair. 

The sum of the signals from the hot wire (referred to as A + B) was assumed 
to bo proportional to the axial velocity component, and tlte difference 
signal (referred to as A •• B) to be proportional to the lateral velocity 
component. For high levels of turbulence, these relationships are only 
approximate, but they arc adequate for the present investigation. 


In order to determine the turbulence intensity, it is. first necessary to 
examine a typical auto-correlation function as shown for the sum signal 
(A + 6) of the probe in Figure 12. 


The correlation function R (t) is related to the time delay t» as follows; 

T 

ft ( j E (t) E (t r ) dt, 

O 

where E Is the hot wire voltage signal due to flow.. It Is assumed that 
E Is made up of mean signal, 1 , and a time dependent voltage, e’, so that 
the following relationships hold; 

E (t) E e‘ (t) 


T 


I 

T 


/ 


o 


T 



O 


E’ (t) dt ® E, 


O) 


and 


e* (t) dta O, 


(4) 


where T ie the fteriod for data anaXyals. 
Then, by subatltuting (2) into (1) .. . . 


i 

R(t) » i/ (E + e* (t) ) (i + e* (t •►^ ) ) 


(S) 


or 


R(r)*^ 


T T r r ll 

f E^dt^r e’(t) ®Mt ♦t) dt * S F f 

J J n ^ 


( 6 ) 


The first tertft in (6) is just the square of the mean value of the signal. 

The second is the auto-correlation of the fluctuating. component. The 
third term is identically zero from Equation (4) and the last term can be 
neglected if it is assumed that: 

T 

e‘ (t: dt = r e‘ (t) dt (7) 


The assumption in Equation (7) is valid if the length of the data records 
allows sufficient time for averaging. The correlation coefficient then 

becomes: 



H (t) 



R’ .r) 


( 8 ) 


Where R' (t) is the desired correlation coefficient of the fluctuating 
components, 


T 

R» (r) • j 
O 


( 9 ) 
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The correXogram tn. Figure 12 la the sum of the auto-cotfrelogtam for the 
fluctuating component and the actuate of a mean DC voltage (from Equation 
(9)). Since the turbu-lcnce eignal la not correlated for large values of 
T, the second term In Equation (;i.O) approaehea zero and the correlation 
function approaches the square of the mean value* 1^. 

I Is the voltage from the hot wire which represents the mean flow velocity. 
Although DC suppression was used to reduce this mean component during data 
recording, it was generally not. perfectly cancelled. Thus, in the correlo- 
grams, the asymptotic values were not zero, but approached a value B which 
represents the difference between the true mean flow velocity and the amount 
of DC Suppression used, the residual mean value was subtracted in each 
analysis to Obtain the auto-correlation curve for the fluctuating velocity 
component (this was Simply done by drawing a new. reference line at E , as 
shown in Figure 12). The mean-square turbulence intensity is proportional 
to the auto**correlatlon at zero time delay. (t • 0) less the residual mean 
square Value. 

Aerodyndtr '.c Data - In general, the data analysis for the Q-Fan la similar 
to that used for evaluation of the shrouded and utlshrouded propellers of 
Ref. 1. Computer processing of the data acquired during the aerodynamic . 
portion of the program was done by RASA. Wall and jet boundary corrections 
based on the Ref, 2 report are part of the data reduction computer 
program, and were therefore included in the data reduction. 
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ACOUSTIC RESULTS 


The acoustic results are aunoflarlced below»~ For certification^ the A**tfelghted 
noise level at -a 1000 ft*., sideline Is the .criterion, used-to detontine the 
acceptability of an aircraft /power plant combination* Thoreforot most of the 
data presented will be A-welghted sound pressure levels (for the frequency 
range 25 to 20 I Before proceeding with the discussion It should be 
noted that the previous propulsor tests (2«blade unshrouded propeller and 
3 und 5<»blade shrouded propellers) used microphone arrays at a 1$ ft. measuring 
radius centered on the propulsor*. As can be seen in Figure 8* the microphone 
array was centered on the aircraft* Therefore, some of the Q*Fan data have 
been corrected to the same measuring distance as the previous propulsor tests 
for ease of comparison with the previous data. The magnitudes of the correc- 
tions are given in Table IV. 

Forward Flight Effect - The effect of forward flight on fan noise at two direc- 
tivities is shown in Figure 13 for the wings on configuration.. It can be 
seen that the noise is only a weak function of simulated flight speed for. 
these directivities* The change in propulsor inflow as the aircraft moves 
from a static to flight condition usually results in a Slgr.‘f leant noise re- 
duction. This did not occur in the Q-Fan test due to two factors. First, 
the inflow to the blade row. was always distorted due to the wakes of the inlet 
guide vanes. Distortion due to inlet turbulence related to the normal atmos- 
phere (which is expected to decrease with forward flight speed) thus had a 
relatively small effect on the noise generation. . In addition, the power 
absorbed by the fan was reduced only slightly be the change from static to for- 
ware flight conditions. Therefore, the blade loading did not change enough to 
cause a large change in the radiated noise. 

It should be noted that at the highest tunnel speed, the tunnel background 
noise is high enough to affect the measured propulsor noise levels... For this 
reason, the 72,5 ft/sec tunrtel speed was selected for simulated flight data 
analysis whenever possible. 

Dependence of Noise on Operating Condition - The maximum noise generated by 

the fan depends on blade angle and RFM as shown in Figure 14. The data 

shown were obtained for the wings off configuration since the range of operating 
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cottditionfl available 1ft. j«uch greater than for the wings on cort^tgutatlen 
(sea Table t). The noifle trends In Figure 14 are eKpected tn hold for the 
case, with Wings on In forward fUght, l.e., the change In blades loading due 
to changing blade angle from 28 to 33 degrees at -2500 fan RFM should cause 
the noise to increase by 2 dft for a given flight speed and airplane configu- 
ration. 

The data shown represent the roaHinuffl sound level for the two tuicrophonae 
anlected. Analysis of the data at different directivities ftay show somewhat 
different results. 

Coianarisort of Measurement with Prediction - The noise generated by interac- 
tion of the Q-Fart rotor with Wing wakes and IGV wakes was predicted on a 1/3 
octave band power level basis. . TlUs prediction was corrected to the nominal 
30 ft. measuring radius for the peak noise location and is shown in Figure- 
I5a. the t»-cal predicted spectmta is compared to wings on data in Figure 15b. 

It can be seen that the prediction matched the data fairly well except in the 
frequency range from 3K to 8K, where it is several dB high. Since the A- 
weightod level for the spectrum was controlled by the levels of the blade passage 
tone and its harmonics, the agreement between predicted jdid measured A'-we.lghted 
levels is considered satisfactory. the wings were- removed, the noise 

spectrum was expected to resemble that shown for the IGV prediction (Figure 
15a). The result is shown in Figure 15c, where it can be seen that the noise 
did not behave as expected. This is discussed in the next section. 

Effect of wtnc ftemoval - From Figure I5c, it can be seen that the tone 
noise levels are much higher than was predicted for the wings removed 
case, and are, in fact, higher than the levels for the wings on case. 

The reason for the noise Increase is best Illustrated by time history plots of 
the blade pressure transducer signals. Figures 16 through 18 show the 
changes in inflow structure with changing aircraft configuration and flight 
speeds 

In Figure 16, It can be seen that, at zero flight speed, the only regular 
disturbances ate caused by the inlet guide vanes. With simulated forward 
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flight (Figure 17) dlaturbancea from the wings and landing gear brace 
become evident. Removing the wings (Figure 18) does not eliminate the 
wing diaturbantest but in fact appears to cause an increase in the dis- 
turbance level (aa-^is -evident in the mid-blade transducer plots). 

Figure 19 shows the configuration of the stub- wings whicti were used to 
fair the fuselage mounting points for the wings. .The span of this wing 
is about 6 inches, so that a vortew shed from its tip will pass approxi- 
mately through the mid*blade area of the rotor. This type of disturbance 
is effective in generating noise, so the expected noise reduction did not 
occur when the wings were removed. 

Further Investigation of the wings on/wings off data would give better 
insight on the noise generating mechattisma in the Q-Fatt and possibly form 
a basis for predicting the noise due to other types of inflow distortion 
sources. 

Acoustic Treatment Effect - The maximum acoustic treatment effect was de- 
rived from information presented in Figure 20. Although there were no 
measurements taken .to directly compare the noise spectra with and without 
both the spinner and duct treatment, measurements were made with the 
spinner treatment both covered and uncovered. This data is shown by the 
symbols in Figure 20. The average of these measurements was summed with 
the predicted duct treatment attenuation to- estimate the estimated total 
attenuation values* These values were applied to a noise spectrum similar 
to that in Figure 21 and the resulting 1/3 octave band levels were A- 
weighted and summed logarithmically. By this analysis it is estimated that 
the treatment included in the Q-Fan tested is capable of reducing the fan 
noise by about 2 dBA, The total attenuation is a fairly rough estimate, 
since the treatment effects were only studied at one directivity and not 
in great depth. Also,., to achieve the maximum attenuation, the treatment 
Would have to be placed so that the maximum noise radiation directivity 
would be affected (probably in the fan inlet duct and center body sections). 

Sr/A?. Directivity - A typical 1/3 octave band soectrum with A-welghted and 
linear SPL values for the Q-Fan is shown in Figure 21. The A-Weighted 
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level from auch apeatta were used in conjunation with the radlua correc- 
tlona of tnhi© Xv to obtain the typical dltoctivlty pottetn ahown in. 
Figure -22, The peak nulae ia aeen to occut at mierophono H (60.1® from 
directly ahead of the fan). .The noiae levet at tha-iftierophone 4 direc- 
tivity was found to control the peak ir‘o« aidolino noiae. 


Eff ect of Anflle of Attack - The effect of increasing angle of attack from 0 . 
to 4 degroes is shown m pigute 23. It can be seen that the major effect is 

lT«riVd" ““ 2 » Btr hamonlc. Ho«vot, 

LllT “ =o«- 

P«1M„S should be Mds St othsr dtrsctlvlty points and st ths hi«h.f sttscK 
angles available (8 and 12 degrees)© 


^ ct ol Airorslt Anpls on Attsch snd Flsp ,^0 sffsot of Inorssssd 

ngls O sttsoh and flaps Is sho«i In Piputs. 24. Howsvsr. ths flap data wars 

tn “ -i-Voblans. 

It dan be ssan m Pigura 24 that ths background noiss isvsl is high snough 
o Incrsasu ths msasursd Isvsls st low and Intatmadlata frsdusnclaa. It 
might 4>o possibls in a furthsr study to estlmats ths sffsct of flaps on ths 
basis of tone levels derived from narrow band data analyses. 

“smoneter provides ths msen velocity and 
of tteTt points in ths flow field, ths lodatlons 

they could bo moved to different distances from ths fuselage. Four insertion 
distances wars selected (0.5. 5.5, 7.0. and 8.3 inches from the fuselage well) 

on 1 ::::::::: 


velocity and turbulence Intensity profiles obtained from the hot wire probe, 

hi : :: "k 

the Inlet rake (see Figure 2). 


I! t7! L "ove die- 

o 1 V v‘ve probe 

is very «.ooth. While the inlet rake (clo.e to the duct leading 
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edge) ahows more dlatonlon, and the velocity profile at the vane leading 
ddgc (pjcpbe location 0)^ shows a large velocity variation from the fuselage 
surface to the duct surface. These data were obtained for a tunnel speed of 
99 FP8 and 3330 fan RPM. Further investigation of the hot wire data, and 
comparison with the pressure data should bo done to determine the influence 
of the inlet velocity profile on fan performance. 

The turbulence intensity profiles shown at the bottom of the figure indicate 
high levels near the fuselage surface (due to the turbulent boundary layer), 
and a peak in the profiles at the H% probe insertion position, the peak 
at 78% corresponds approkimataly to the location of the tip of the stub wing 
(Installed when the wings ware removed). The higher disturbance levels 
are probably due to the tip vortex of the stub wing. Investigation at static 
conditions, however, would be necessary to verify this supposition. 


Co mparison with Previous Tests - The noise levels from the Q-fan and several 
previously tested shrouded and unshrouded propellers were extrapolated to 
a 1000 ft. sideline for comparison purposes. In the case of the Q-Fan, the 
peak A-weighted noise level (microphone H in Figure 8) was used. The 1/3 
octave band spectrum for this microphone which is at a radius of 30.1 ft from 
the propulsor center, is shown, in Figure 21. In the narrow band analysis 
(Figure 23) for this microphone it can be seen that the spectral peaks are 
due to tones at blade passage frequency and its harmonics. 

the extrapolation to a 1000 ft. sideline consists of adding a distance 
correction ^20 log^Q Yo5o) an operating condition correctloa (from 
Figure 14). The data were taken for 28° blade angle and 3350 fan RPM. 
while the design condition is 33° blade angle and 3600 fan RPM. From 
Figure 14, the level at the design condition Is 4.5 dB higher than at the 
condition tested (by extrapolation). The resulting A-weighted noise level 
is presented in Figure 24 along with those from shrouded and unshrouded 
propellers (Ref. .1), it can be seen that the Q-Fan is 7 dfl quieter than the 
lowest noise propeller configuration. Also the predicted level (done during the 
fan design) agrees Very well with the extrapolated level based ort measurements. 
As Indicated earlier in the discussion a further reduction of 2 dB appears 
feasible by Installing acoustic treatment in the auct. 
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The above diacuaelon treated the Q-Pan with Inlet guide vaned in a pueher 
configuration. The Q-Pan was ahovm to bo a duiet device relative to other 
propulaora in thia atudv. Howevori mounting the Q-Pah -in a tractor con- 
flguration with outlet guide vanoe would be oxpoctod to reault in. a aignl- 
ftcantly lower noise level than the pusher configuration with inlet guide vanes. 
The prlmory conalderatlona responsible for this are as follows. 

First, in a ttractor configuration the wing wakes and inlet guide Vane wakes 
would not interact with the rotor, so the high levels of fluctuating lift 
which cause relatively high noise- radiation would be absent. The rotor wakes 
would impinge on the outlet guide vanes, but these are less efficient radiators. 
Second, the wing wakes Which can interact with the rotor in a pusher con- 
figuration are absent on a tractor installation. Therefore, a tractor 
configuration might be as much as 10 dB <iuieter than a pusher installation. 


- 22 - 


ABRODYHAMIC REflUttg 


The data recorded duflng most of the aerodynamic tosting consisted of both 
force and fineumatic roeasurementa* While Che hneumatic data recorded was 
sufficient to determine the Q-Fati thrusti it was decided that the force dota 
would bo used in this report in order to be consistent with the data 
which was obtained in previous teats of unshroudod and shrouded propellers 
(see Ref* 1)« Therefore* unless otherwise noted* all performance data 
in this report is based on force measurpmonts. 

The performance data are presented in the following sections. The ’ *Baflic 
Oata” section results from a compilation of all the eoro angle of attack* 
flaps retracted* wings on* data taken during the- test* Ferfonaence in Che 
'* Ansie of Attack Effect' * And ” Flao Effect* ' sections at zero angle of attack* 
and flaps retracted was baaed on data taken during the sequence of testing 
of a particular configuration. 

Basic Data - The installed performance of the Q-Fan la shown In Figures 28 - 31 
with wings on, at zero angle of attack* and With flaps retracted. Figure 28 
shows -the test static performance* The non-dlmenslonallzed static performance 
data are seen to collapse tc a smooth curve* Tlxe maximum efficiency achieved 
by the Q-Fan is shown In Figure 29 to be 67% while the predicted maximum 
efficiency level was 72%. This performance difference will be discussed in 
more detail later* Figure 30 shows very little Scatter in the thrust data 
taken over the course of the teat. The scatter, in the power measurements 
showed in Figure 31 is probably due to the light loading on the Q-Pan and 
the procedure used to establish motor current. This scatter in power measure- 
ment results in some scatter in the efficiency levels (Figure 29), 


The velocity profile at the shroud entrance is shown in Figures 32 and 33 
for the aircraft at zero angle of attack with flaps retracted. The data shows 
that the asymmetrical fuselage creates only a small circumferential variation 
in the velocity except in the area near the shroud* and that the circum- 
ferential variation increases as the free stream velocity increases, the 
inlet velocity profiles were similar to those used to design the Q-Fan. 
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irzz:zt:zz r : :ru «u. . «— 

8ht»u<l t«teml »nd «M«al v«lal:l<.«» «lth valocle» « 

a«Ul MBltloii ow ptoaaited In n«uta« 34 ond 37. Ttw dlsconttnultv 
„ 1 IntLl ««lo P«B.udd 4d..«d« AO and 43.5* dhrodd » 

Cton tho itatlc ptndauno ttdd through thn rotor. No taps worn Indtollod 

tho* shrdud at tho bXada tip. 

d-,oi. A^f,»ck effaces - tho offset of aircraft angle of attack on the^ 

tor thlo trund moy h. aoooclatad with hotw olrcrott tohdo. 

.rudy 04 tho prooouro doto wlU Tl 35 ro^loU that 

trood. A conparioon <>4 yigutoa 41 and 33, and Plgureo ann a 

tho anglo 04 attach had only a ninor ln41uonco on tho inlot volocity pro4iloa 

and the exit total pressure profiles. 

Th, ahroud .ur4ac, proaauro coo441=lonta are obown in Piguro 43 j"' 

anglo o4 attach caao.. A conparlaon o4 Piguro 43 with tho 0 angle o4 attach 

i - wa lartanffidients in Figure 37 indicates that the flow retnalns 

surface pressure coefficients in rxg 

attachod to tho ahroud at 12° anglo o4 attach, and la nearly idontlc 
tho 410W at 0° angle o4 attach. The proaauro data Indlcatoa that tho porfortnanco 
level ahould not change duo to anglo o4 attach, and thua the 2* perioraance 
loss is unexplained. 

nan Effoota - The e44ect o4 41ap de41ection on 4an periocmance la ahall, aa 
ahown in Figutoe 44 - 46. A conaldetabla amount o4 aaymmetry owlato in 
tho 4an inlet 41ow proiilea and in the total proeaura pro411oa at the duct 
exit. Flguroa 47 and 48 reapoctlvoly. The change in the Mloclty die r - 
::ti:n at «0° with 30 ° 41ap l. apparently cauaod hy tho increaaed d^ 
wash. Thta clrcu«4orentially aaymmetrlc 41ow actually reaulta in aligh 
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Increase in fan efficiency at 30° flal> deflectlcrt. Figure. 40 indicates 

that tto flap deflection has reduced the external shroud surface velocity 

at 270 circumferential position, contributing to the slight performance 
increase, ..... 

atiiai' M-WtnBn Olt . A coopatlssn of Q-Pan petfoaianca with wlnga on an) w -i 
off la aho«. In Pigu,a 30. tha offlclanop wa. baaad on the pteeaute data. 

thTin ““ ““ tnenplloably greater 

than 100* in aome Inatanoes. . Aa anpactad, Figure 50 ahowa the ulnga have 

virtually no effect on tha Q-Pan performance. 

'onparlng preeaure data taken with the wlnga removed In Figure 51 with wings on 
ata,^ Figure 33, ahowa dome reduction In Inlet velocity near the shroud at 
» " 0 . The exit totals with wlnga-off, Figure 52, are, aa expected, very 
similar to the wlngs-on totals. The shroud surface pressures, Figure 53 show 
an unexplained discontinuity near the shroud leading edge with wings removed 
which may be associated with the vortex flow off the wing stubs. 

F orce vs Pressure Measurements - The pressure measursments recorded during 
the test were also used to calcuUte the Q-Fan thrust. Since the external 
Shroud friction drag and the tall cone drag were not Included In the pressure 
easutementa. their magnitude was calculated .and Included In the thrust 
calculated from the pressure measurements. Q-Fan efficiency was then obtained 
us ng the thrust calculated from measured pressures and using the power 
ta ne from the calibration of minimum motor current vs. torgue. Figure 54 
shows the pressure-thrust calculations to be significantly less than the 
ores measurements. The agreement becomes better as the Q-Fan loading is 
increased (lower advance ratios). The reason for this discrepancy has not 
been established from the limited analysis pemltted within the scope of 
this program. A more rigorous study of the data reduction procedures may 
provide further enlightenment on the validity of these results. 

p e;Te.t Calculation^ - Performance estimates were made for the Q-Fan prior 
o testing, and are shown compared to the test data In Figures 55 - 58. Test 
static thrust is about 7* below the design value, while take-off (75 mph) 
e clency Is I unit of efficiency below the design value and test cruise 


(185 mph) efficiency is 3 units below the design value. Figures 57 and 58 
show an increasing discrepancy between the calculated aftd-the test blade, 
angle as the angle is increased. Further analysis is required to explain 
these results. The exit total pressure profiles shown in Figures 34-35 
indicate that a fall-off in total pressure is occurring at the rotor root which 
is probably associated with flow conditions in the. inboard sections of the 
Q*Fan, Most likely, the quantity and mixing of the cooling exit air with 
the flow coming through the inlot guide vanes was not as predicted during the 
fan design and is causing the rotor Inboard sections to bo poorly loaded. 

Also contributing to the loss in fan performance is the relatively high 
level of turbulence in the engine cooling duct exit flow recorded by the 
blade pressure transducers at the blade root and shown in Figures 16-18. 

Influence of the Q-Fan on Aircraft Characteristics - The effects of the 
Q-Fart on the aerodynamic characteristics of the aircraft are shown in 
Figures 59—63. The operation of the Q-Fan provides some increase in lift 
curve slope and maximum Cl as thrust level is increased. Aircraft pitching 
moment is virtually unaffected by changes in Q-Fan thrust. Figure 61 shows 
that a similar Increase in lift occurs when flaps are extended. The 
pitching moment is again unaffected by changes in thrust level with flaps 
extended. 

Comparative Performance - In order to compare the performance of the Q-Fan 
with that of the propulsors tested on the same aircraft duilng the Ref, 1 
tests, the shaft horsepower required for aircraft cruise at 160 MPM, 7500 ft 
altitude was calculated for each of these propulsors. 

The required cruise thrust for the aircraft was obtained from the Figure 64 
thrust required ( - drag) curve, developed from the current test data for 
a 3500 lb. gross weight aircraft operating at 7500 ft. 

It lo basic aerodynamics that for subsonic operation, a well designed 
propeller will always bo more efficient in cruise than a shrouded propeller 
or fan due to the shroud drag and higher disk loading of the latter 
propeller types. Thus, it was not surprising that the results of this study, 
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shovm In table V, indicated that the ptopaller haa a significantly hlghatf 
efficiency tnan the ahrouded propeller or Q-Faft, Therefore, use of a shrouded 
propulsOt for aircraft of this type must bo predicated on requirements 
other than performance^., such os constraints on propulaor diameter, or • 
acceptable noise levels* If a shrouded prdpulsor were considered for an 
aircraft of this type then a high pressure ratio turbo-fan-would probably 
also be considered, and for this reason an analytical estimate of the 
power required to propel the aircraft with an 1*5 PR fan was estimated* 

It can be seen that the estimated power and efficiency of a turbofan In 
this application la considerably worse than any of the other propulsots 
tested* Thus, tf a small diameter quiet propulaor la of Interest for this 
claas of aircraft then the Q-Fan appears to be a mote efficient choice than 
a turbo fan. 


The effects of the Q-Fan on aircraft lift characteristics were nearly 
Identical with those of the Ref, 1 propeller: 

a) Lift curve slope was increased slightly with flaps retracted. 

b) Lift and lift curve slope. were Increased slightly with flaps extended. 

The Q-Fan showed no effect on aircraft pitching moment when thrust was 
Increased, whereas the propeller normal force resulted In an Increased nose 
down pitching moment when thrust was increased. 


COHCLUSIOHa 


The amount of data analysed ftfom the Q-Fan tost and the amount of 

nnalysla of thia data waa aeverely rfiattflcted^ Thefefotra» the- folio wing 

concluslone should be considered preliminary until a more thoroui^h study 

of the test results Is conducted. 

The preliminary acoustic Conclusions are as followsi 

1. The fan met the noise objectives set during its design. Based on test 
data the noise level was extrapolated to be 65 dBA far. a 1000 ft. flydver 
without duct acoustic treatment. This compares with levels of 72 to 75 
dBA for the unshrouded and. shrouded propellers tested in an earlier 
ptofttam on the same aircraft. With cleaner inflow to the fart such as 
that found in a tractor (with exit guide vanes) rather, than a pusher 
(with inlet guide vanes) installation lower levels could be achieved, 

2. There is the potential for 2 dBA reduction in the above levels by use 
of duct acoustic treatment. 

3. Inlet disturbances created by stub vrings used fot the wings-off testing 
caused noise increases over the conditions with the wings on. 

4. Limited evaluation indicates that aircraft angle of attack and denlf'y"‘®At 
of flaps increase the Q-Fan noise by a small amount. 

5. The hot-wire artemometry data shows the presence of distortion 
upstream of the fan rotor. Reduction of this distortion could lead 
to lower noise levels and may also improve aerodynamic performance. 

The aerodynamic conclusions are as follows: 

1. Maximum propulsive efficiency derived in this limited study of the Q-Fan 
was about 52 less than the 722 predicted during the design phase. 
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There is some question about the accuracy oi the measurements but it 
is posalble that differences between anticipated and actual blade root 
flow caused some loss in efficiency. 

2. Propulsive efficiency of the Q-Pan wes less than that of- the unshrouded 
propeller tested earlier, similar to that of the shrouded propeller 
tested earlier, but significantly greater than a high bypass ratio 
turbofan would be for this application. 

3. Aerodynamic characteristics, of the aircraft with the Q>Pan installed 
were near^.y identical to those of the aircraft with the propeller. 

A. Limited study of the data indicates that an improvement in rotor blade 
root design would probably improve the maximum Q-Pan efficiency. 
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TABLE IV 

MICBQPMOHE CORRECTIONS FOR 19* RADIUS 



Actual Measuring 

Correction to Add For 

Mlctoi^hotto 


19' RadluSi dB 
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34.2 

5.1 
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33.1 
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31.8 

4.5 
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30.1 

4.0 
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28.2 

3.4 
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26.3 

3.0 
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25.4 

2.5 
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24.0 
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10 

20.5 
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-Wire Installation 



Figure 2« Q-Fan Schematic Shoving Location of 
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Figure 12. Sample Corralogtfam Plot, A-B Sigttal (Proportional to 
Trans verse Velocity Compotient) 
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Figure 15c. Comparison of Measured & Predicted Wings 

Off Noise Levels for Q-Fan Design Condition. 
Measured Wings on Data is Included* 30.1 ft 
Measuring Radius. 
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Figure 27, Noise Levels at Flight Condition for Cessna 327 
Configurations Tested in the 30X60 Wind Tunrtel 
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